The aqueous fractions of the dry methanol extracts (500 ppm) of sixty marine algal species were screened for molluscicidal activity against Biomphalaria glabrata, which is an important host of the bilharzia-causing Schistosoma species. The majority of the extracts tested were inactive at the concentration used, but those of Fucus serratus, F. vesiculosus, Pelvetia canaliculata, Ascophyllum nodosum, Halidrys siliquosa, Bifurcaria bifurcata, Dictyota dichotoma and Halopithys incurva all showed significant molluscicidal activity. Treatment with polyvinylpolypyrrolidone (PVPP) either removed or drastically reduced the activity of the extracts of F. serratus, F. vesiculosus, P. canaliculata, A. nodosum, Halidrys siliquosa and Halopithys incurva, which suggested that the active compounds in the extracts of these species were polyphenolic in nature. The active extracts of the other two seaweed species did not appear to be affected by treatment with PVPP. Dialysis of the active extracts against distilled water separated them into high and low molecular weight fractions. In the case of the two Fucus species, P. canaliculata and A. nodosum, the activity resided in the high molecular weight fraction, whereas with all the other species, the activity was found in the low molecular weight fraction. 1 H NMR spectroscopic examination of the active extracts confirmed that the molluscicidal components of the extracts of the Fucus species, P. canaliculata and A. nodosum were high molecular weight polyphenols.
Schistosomiasis is a major source of morbidity and mortality in many countries of Africa, Asia, South America and the Caribbean. A number of Schistosoma species can cause systemic human diseases, but the main agent of human schistosomiasis (bilharziasis) is S. mansoni. The development of the larvae of this species occurs in several snail species of the genus Biomphalaria. Thus the treatment with molluscicides of water masses that serve as transmission sites is an important procedure in the control of the disease. Demand for cheap molluscicides has led to the investigation of a wide variety of natural sources [1, 2 and references cited within] and, in this communication, we report on the molluscicidal activity of some marine algal species.
Extracts of sixty algae were tested for molluscicidal activity against Biomphalaria glabrata. The species used and their places and dates of collection are listed in Table 1 . Aqueous extracts of the algae were often mucilaginous and difficult to process. As a result, methanol extracts were prepared and adjusted to concentrations of 500 ppm. These were then concentrated to dryness and the residues extracted with volumes of water equal to those of the methanol removed. These aqueous fractions of the 500 parts per million (ppm) dry methanol extracts were used in the tests.
Of the species tested, the majority were inactive. However, the extracts of was made to calculate LC 50 values for the active extracts. However, the extracts were diluted and retested, but when 100 ppm solutions were used, either no activity was observed or less than 100% of the snails were killed (Table 1) . At this concentration, the most active extracts were those of Dictyota dichotoma (90% mortality), Fucus vesiculosus (80%) and Halidrys siliquosa (80%).
All the active extracts were shaken with polyvinylpolypyrrolidone, which binds with polyphenolic compounds [3] . This treatment either removed or greatly reduced the molluscicidal activity of the extracts of the Fucaceae species (Fucus
serratus, F. vesiculosus, Pelvetia canaliculata and Ascophyllum nodosum), Halidrys siliquosa and
Halopithys incurva. However, the activity of the extracts of Bifurcaria bifurcata and Dictyota dichotoma did not seem to be affected ( Table 2) .
The extracts of all the species that demonstrated molluscicidal activity were dialysed against distilled water to separate them into high (greater than 12,000 Daltons) and low molecular weight fractions. The activity was found in the high molecular weight fractions of all the Fucaceae species tested, but in the low molecular weight fractions of the remaining species, except that of Halopithys incurva, which was (Table 2 ). However, the solution of the low molecular weight fraction of this last species, which was originally yellow, quickly became brown on concentration, indicating decomposition. As the high molecular weight fraction was not heated and was inactive, it was assumed that the activity had resided in the low molecular weight fraction, but that the active components were decomposed by heating during concentration of the solution.
The original methanol extracts, the extracts after treatment with PVPP, and the high and low molecular weight fractions of each extract were examined by 1 H NMR spectroscopy (D 2 O). The original solutions and the high molecular weight fractions of the Fucaceae species showed a band of peaks between δ 5.7 and 6.5, characteristic of the polyphenols of Fucaceae species [3] . These signals were absent in the spectra of the low molecular weight fractions and were either absent or minimal in the extracts treated with PVPP. In the spectra of the extracts of the other active species, both before and after PVPP treatment, and in the low and high molecular weight fractions, some individual signals were observed in the same region, but these were minor.
Based on the above data, it was concluded that the molluscicidal compounds present in the extracts of the active species of Fucaceae tested were high molecular weight polyphenols. The molluscicidal compounds present in the extracts of the other active species were not determined. Polyphenols have been proposed previously as being chemical defences for Fucus vesiculosus and Ascophyllum nodosum against Littorina littorea, a marine herbivorous snail [4] . These high molecular weight polyphenols have also been shown to have hemagglutinating [3, 5] , enzyme inhibiting [6] , and DNA-cleaving properties [7] . The Phaeophyceae, in particular the Fucales, has been shown to contain large quantities of polyphenols [8] , which are composed predominantly of phloroglucinol units, and which can occur as branched structures [9] . The molluscicidal activity of polyphenol (tannin)-containing higher plants has been reported earlier [10] .
Although the 500 ppm extracts of Fucus serratus and F. vesiculosus were molluscicidal, equivalent extracts of F. ceranoides and F. spiralis were not. However, when 5000 ppm extracts of these last two species were tested, mortality rates of 40 and 60% were obtained, respectively. The activity was completely removed by treatment of the extracts with PVPP. The results are consistent with the very low polyphenolic contents of these two extracts in comparison with those of F. serratus and F. vesiculosus (as assessed by 1 H NMR spectroscopy).
Although the molluscicidal activity of these polyphenolic compounds is of interest, their levels of activity are too low for consideration for development as molluscicidal agents. The WHO state that, to be of interest, the EC 50 value of an aqueous extract of a plant should be 20 ppm or less [11] .
Experimental
Algal material: The marine algal species used in this study, along with their places and dates of collection are listed in Table 1 . Voucher samples of the majority of the species utilized, including all those with molluscicidal activity, are lodged in the Herbarium of the Hampshire County Council Museums Service (Bi 2000. 16).
As soon as possible after collection, the algae were dried in a forced air oven at 60 o C and powdered.
Extraction and preparation of algal extracts: Each dry and powdered alga (5 g) was extracted for 24 h by shaking in 300 mL methanol. The mixture was then filtered, the filtrate concentrated to dryness under reduced pressure at 50 o C, and the extracted solids weighed. The dry residue was then extracted by shaking with successive quantities of distilled water to make a solution (A) containing the water soluble fraction of 500 ppm methanol extracted solids. To 150 mL of this solution, 3 g, polyvinylpolypyrrolidone (Sigma-Aldrich Ltd, Gillingham, Dorset, UK) was added and the mixture shaken periodically for 24 h, before filtration. The filtrate gave solution B. Another 150 mL of solution A was dialyzed (dialysis tubing, Visking Code DTV 12,000.10.000, Medicell Int., Ltd) against distilled water (3 L x 24 h x 2) to give a high molecular weight fraction (C) and a low molecular weight fraction (D). The low molecular weight fraction was concentrated to 150 mL at 80 o C under reduced pressure. Solutions A, B, C and D were all tested for molluscicidal activity.
Samples of solutions A-D of all the species that demonstrated molluscicidal activity, after evaporation to dryness, were examined by 1 H NMR spectroscopy (D 2 O) using a Jeol Eclipe 400 MHz machine. Chemical shifts were measured in δ (ppm), with trimethylsilyl propionic acid-d 4 -sodium salt as int. standard.
Bioassays: Adult Biomphalaria glabrata snails (shell diameter 7-10 mm) were used in this study. A population of adult snails is maintained in the School of Pharmacy and Biomedical Sciences at the University of Portsmouth.
For each seaweed extract, 10 snails were placed in a conical flask containing 50 mL of the test solution at a concentration equivalent to 500 ppm of the methanol extracted solids. The solids content of the aqueous extract was not determined. Each test was conducted in duplicate in a water bath maintained at 30 o C. The snails were neither fed nor disturbed during the test period. After 24 h, the liquid was decanted from the flasks and the snails tested for mortality, aided by a light microscope. Snails were considered dead if they remained motionless, with no sign of heartbeat, and did not respond to external stimuli. In control experiments, the snails were maintained in distilled water under otherwise identical conditions [12] . The number of snails killed was expressed as percentage mortality.
